The Camponotus grandidieri species group and Camponotus niveosetosus species group of the Malagasy region are revised. Species delimitation was inferred from the evidence of both qualitative morphological analysis and multivariate morphometry. The multivariate method combined the Nest Centroid (NC)-clustering method and Partitioning Algorithm based on Recursive Thresholding (PART) function to generate hypotheses about species boundaries (clusters) based on 19 continuous morphological traits of minor workers. The proposed species hypotheses were tested by cumulative crossvalidated Linear Discriminant Analysis (LOOCV-LDA) and Principal Component Analysis in a shape space (shape PCA). Morphometric ratios for the subsets of minor and major workers were used in species descriptions and redefinitions. Here,
Introduction
Camponotus, the genus of carpenter ants, is one of the most highly diverse ant genera in the Malagasy region (Fisher 1997) , and the species occupy a wide variety of microhabitats across different terrestrial ecosystems in Madagascar and neighboring islands. This high diversity, local abundance, and the probable ecological importance of Camponotus make the genus an important model organism for ecological monitoring and assessment in the region. Although 78 species and subspecies of Camponotus have been described from the Malagasy region by earlier ant taxonomists (e.g. : Roger 1863; André 1887; Forel 1892 Forel , 1897 Forel , 1914 Emery 1896 Emery , 1925 Santschi 1921; Wheeler 1922; Donisthorpe 1949) , the majority of species have yet to be described. Combined with the many new collections generated by modern intensive research surveys of ants in Madagascar and neighboring islands (Fisher 2005) , this state of affairs puts the genus Camponotus in great need of comprehensive taxonomic revision. The recent taxonomic revision of the edmondi group (Rakotonirina, Csősz & Fisher 2016 ) added 10 new species. The present contribution revises the taxonomy of the Malagasy members of the grandidieri and niveosetosus species groups.
Earlier taxonomic studies of Malagasy Camponotus placed species in subgenera (e.g. : Forel 1913; Santschi 1914; Wheeler 1922b; Emery 1925) . The grandidieri species group is currently equivalent to the subgenus Myrmotrema and the niveosetosus species group to the subgenus Myrmopiromis. Although we continue the practice of placing these taxa in their respective subgenera, this study does not address the support of these subgenera as monophyletic lineages. Because initial results suggest many of the subgenera are not natural, we employ the species group nomenclature in the present study. The two species groups occur across the Ethiopian and Afrotropical region, but here we focus only on the Malagasy representatives. The Malagasy region contains four species of the grandidieri group, of which C. auropubens Forel and C. grandidieri Forel are widespread and two new species described here are endemic to Madagascar. Members of this species group are known to inhabit the four ecoregions of Madagascar and a wide range of forests across neighboring islands in the Malagasy region. Four species of the Camponotus niveosetosus species group occur in the Malagasy region, all of which are endemic to Madagascar. These species occupy the sub-humid forest habitats in the central plateau, the transitional forests in the north, and the western dry forest of the island. Morphologically similar species, including C. niveosetosus Mayr and C. niveosetosus irredux Forel, are found elsewhere in the Afrotropical region, but are not treated here.
In highly diverse genera like Camponotus, independent information other than qualitative morphological characters has proved crucial in species delimitation and specimen identification. This is demonstrated by the recent revision of the C. edmondi species group (Rakotonirina, Csosz & Fisher 2016 ) that, in addition to biological and geographical distribution data, utilized multivariate statistical methods for analyzing morphometric data. We apply similar methods in the present contribution to recognize eight species, four in the grandidieri species group and four in the niveosetosus species group. The findings of our qualitative morphology-based study are congruent with those of the quantitative morphological analysis.
Materials. The present study is based on all specimens of the Camponotus grandidieri and niveosetosus species groups collected from the arthropod survey project conducted in Madagascar and the surrounding islands in the Malagasy region by the members of the Madagascar Biodiversity Center and other ant researchers. Most surveys were carried out from 1992 through 2015. Data of all pinned specimens examined in the present contribution are available on the web portal AntWeb (http://www.antweb.org) and can be accessed using the unique identifying specimen code (e.g.: CASENT0179458) which is affixed to each pin. Images are linked to their specimens via their unique specimen code.
In total, 225 specimens from 110 collecting events were measured during the course of this study (see Supplementary material). Collection codes with prefix ANTC, BLF, GG, MG, SMG or PSW, indicate distinct collecting events.
Methods. Patterns of morphological discontinuities and phenotypic similarity for all individual pinned specimens were studied under a Leica M125 binocular microscope.
Digital color images of lateral and dorsal views of the entire body and full-face views of the head of each species were created using a JVC KY-75 or Leica DFC450 digital camera with a Leica Z16 APO microscope and Leica Application Suite software (v3.8). These images are available online on AntWeb (www.antweb.org). Distribution maps for all species were generated by importing specimen distribution records into the Diva GIS program (Hijmans et al. 2011) . The major ecoregions of Madagascar were superimposed on the distribution of each species. Specimens with inadequate geographic coordinates were excluded from these maps.
Article 74 in the ICZN's code states that the designation of a lectotype from syntype specimens, which directly match the original description of a named species is desirable to stabilize the nomenclature. Therefore, the phrase "present designation" is used to indicate a lectotype. New species epithets used in the present work are arbitrary combinations of letters and are thus invariant, as are genitive nouns or nominative singular nouns in apposition.
Measurements. Morphometric measurements were taken using a Leica M 125 stereomicroscope equipped with a cross-scaled ocular micrometer and an orthogonal pair of micrometers. All measurements and indices are presented as arithmetic means and ranges are shown as minimum and maximum values in parentheses. Body size dimensions are expressed in millimeters (mm) and all values are rounded to the second decimal place. The morphological measurements follow Rakotonirina et al. (2016) . The following 20 characters were evaluated: 1) Maximum cephalic length (CL): The maximum midline length of the head in full-face view, measured from the midpoint of the posterior margin to the midpoint of the anterior margin of the clypeus. 2) Maximum cephalic width (CW): The maximum distance between the lateral margins of the compound eyes in full-face view. 3) Maximum head capsule width (CWb): The maximum width of the head excluding the compound eyes. 4) Postocular distance (PoOc): The distance between the posteromedian margin of the head and the level of the posterior margin of the compound eyes measured along the midline of the head in full-face view. 5) Preocular distance (PrOc): The distance between the anteromedian margin of the clypeus and the level of the anterior margin of the compound eyes measured along the midline of the head in full-face view. 6) Clypeal length (ClyL): the maximum midline length of the clypeus measured from the posterior margin to the anterior margin in anterodorsal view, in which the anterior and posterior clypeal margins are aligned to the same focus, except in the major worker of C. madagascarensis, where the head was in full-face view. Median concavity on either or both margins reduces the length of the clypeus. 7) Frontal carina distance (FR): The maximum distance between the frontal carinae.
8) Torular carina distance (TCD):
The minimum distance between the torular arches that surround the antennal insertion. 9) Maximum tentorial pit distance (GPD): The longest distance between the centers of the fossae located at or very close to the posterolateral margin of the clypeus. 10) Scape length (SL): Straight line length of the first antennal segment excluding the basal condyle. 11) Eye length (EL): Maximum diameter of the compound eye. 12) Oculo-mandibular distance (OMD): The smallest distance between the anterior margin of the compound eye and the mandibular insertion to the head. 13) Mesosoma width (MW): Maximum width of the pronotum in dorsal view, which in the C. grandidieri species group and the C. niveosetosus species group is also the maximum mesosomal width (hence "mesosoma width"). 14) Mesosoma length (ML): The longest median anatomical line that connects the posteriormost point of the propodeal lobe with the anteriormost point of the pronotal collar; preferentially measured in lateral view, but if one of the reference points is not visible, dorsal view may be used. 15) Mesothoracico-propodeal distance (MPD): With the promesonotal suture and the anterior petiolar foramen margin in the same plane of focus in dorsal view, the maximum midline length between the promesonotal suture and the posteriormost point of the propodeal process dorsal to the petiolar insertion (See Fig. 1 , Rakotonirina et al. 2016 ). 16) Mesothoracico-propodeal height (MPH): With the mesosoma in lateral view, the length of the line between the anteroventral corner of the mesopleuron dorsal to the insertion of the mesocoxa, and the dorsalmost point of the propodeum that is crossed by the measured line. The line is perpendicular to the diagonal line of the mesosoma that connects the anteriormost point of the pronotal shield and the posteriormost point of the propodeal process dorsal to the petiolar insertion, in lateral view. 17) Maximum hind tibia length (HTL): Straight line length of the hind tibia measured from the constriction immediately before its proximal insertion to its distalmost point, excluding the bristles or spines. 18) Petiolar width (PEW): The maximum width of the petiole in dorsal view. 19) Petiolar node height (NOH): The maximum distance between the petiolar spiracle and the dorsalmost point of the petiolar node. 20) Cephalic size (CS): The arithmetic mean of CL and CWb.
Multivariate statistical methods
The datasets. The datasets assessed in the present study consisted of (1) raw measurements of the 19 morphological characters, and the one calculated character CS (a widely applied size indicator), of each measured specimen (See Supplementary material for basic measurements of the specimens), and (2) the ratios (indices) of measurements of one measured trait (variable) to another to calculatethe body proportions (Table 1) .
During the course of this revision, multivariate statistical analysis of morphometric data was run to obtain information considered helpful for delimitingspecies and facilitating specimen identification.
Data preparation. Static trait allometry of variables for worker castes is present in the Malagasy Camponotus (e.g. Rakotonirina et al. 2016) . The presence of different allometric properties splits workers into two different castes, minors and majors, preventing us from analyzing the two castes together. Instead, we selected minor workers for morphometric analyses, because they are more abundant in the material examined and tend to be encountered more often outside their nests. Matrix scatterplots were used to check for error variance in the raw data.
The species hypothesis by NC clustering technique and PART method. The generation of species hypotheses followed the procedures in . In the NC clustering procedure, which was run using the package CLUSTER (Maechler et al. 2014) and MASS (Venables & Ripley 2002) , consistent morphometric discontinuities are used to indicate the difference between groups, and all samples that are more similar in morphometric data are grouped together within the same cluster in a dendrogram.
Collection codes (ANTC, BLF, GG, MG, SMG, or PSW numbers) were used as grouping factors in the NCclustering analyses. Initially, the method employs dimensionality reduction of the data through cumulative Linear Discriminant Analysis (LDA). Then, the dissimilarity matrix obtained from pairwise distances of linear discriminant scores between each pair of samples is used to map the grouping on a dendrogram. 
The PART method, which is based on Recursive Thresholding, was used to determine the number of clusters that match the morphometric discontinuities found by the NC clustering technique. In this method, the package "clusterGenomics" (Nilsen & Lingjaerde 2013) and the function PART are run to partition samples. In addition, the two clustering methods "hclust" and "kmeans"are used with 1000 bootstrap iterations to optimize the search for the ideal cluster number. The results are shown on the dendrogram in colored bars via the function "mark.dendrogram" (Beleites & Sergo 2015) .
Testing species hypotheses using confirmatory Linear Discriminant Analysis (LDA) and principal component analysis in isometry free shape space (shape PCA).Cumulative LDA with leave-one-out crossvalidation (LOOCV-LDA) was performed to validate the species hypothesized by the exploratory process (Seifert et al. 2014) . To reliably confirm the species recognized in the exploratory process, shape PCA based on body proportion, which relates to the shape of the organisms, was run within the defined shape space (Baur & Leuenberger 2011) . This technique gives insights into the presence of the species within the shape space by determining the shape values and using isometric size as a vector.
Each species recognized by qualitative morphological characters and exploratory processes and confirmed by the cumulative LDA and PCA based on body shape was then described using qualitative and quantitative morphological characters of the worker castes (minor and major).
An identification key to species is presented based on diagnostic characters of the workers. Morphological terminology follows Bolton (1994) and integument sculpture terminology follows Harris (1979) .
Results and discussion

Definition of the Camponotus grandidieri species group
The Camponotus grandidieri species group can be globally recognized by the combination of the following characters: straight anteromedian clypeal margin, which is not projecting anteriorly into a triangular lobe; clypeus without median longitudinal carina; with mesosoma in dorsal view, humeral angle rounded and not protruding anteriorly into a tubercle; propodeum tapering dorsally; sculpture of the gena and at least the anterior half of the head capsule for the major workers is superimposed with two to seven smaller areoles embedded in scattered larger punctures.
The grandidieri species group is known to occur across the Afrotropical and the Malagasy regions. Its currently described species and subspecies are as follows:
Definition of the Camponotus niveosetosus species group
The Camponotus niveosetosus species group can be globally distinguished by the anteromedian clypeal margin having a projecting, bluntly triangular lobe, with the head in full-face view; the presence of a median longitudinal carina on the clypeus; a rounded humerus, which is not projecting anteriorly into a tuberculate angle when the mesosoma is viewed dorsally; the posterior portion of the head, mesosoma dorsum, and the lateral margin of the propodeal declivity with scattered, whitish, erect hairs. The major worker caste possesses finely and densely reticulate punctate to finely areolate sculpture, which is superimposed with two to seven smaller areoles embedded in the scattered larger punctures; the puncture wall is not well defined on the gena and the lateral portion of the head; the anterior clypeal margin is roughly straight or broadly convex medially.
The members of the niveosetosus species group are distributed in the Afrotropical and Malagasy regions. The following synoptic list presents the currently described species and subspecies included in the group:
Checklist of the species from the Malagasy region treated in the present study Members of the Camponotus grandidieri group and the C. niveosetosus group, as in the case of most Camponotus, present two different worker castes, minors and majors. In addition, various worker forms show continuous morphological variation between these castes. To distinguish both species groups from all other Malagasy Camponotus, using workers of either caste, the following combination of characters can be used:
1) Mandible triangular, basal margin shorter than apical margin, which is armed with six teeth. 2) Palp formula: 6,4. Maxillary palp long.
3) Head elongate in full-face view, lateral borders slightly diverging posteriorly; posterior border more or less convex. Lateral cephalic margins start rounding at posterior fifth of head, while in Mayria this rounding starts at posterior third of head. In the grandidieri group, the posterior section of the head appears angulate and in Mayria the posterior portion of the head looks more rounded. 4) Clypeus transversely trapezoidal. Clypeus with angulate anterolateral portion and straight anterior margin in grandidieri group; anteromedian margin slightly projecting into triangular lobe in niveosetosus group. 5) Antenna with 12 antennomeres; flagellomeres longer than broad and gradually decreasing in length towards the apex. 6) Antennal scape long, roughly its apical third to distal portion extending beyond posterior margin of the head. 7) Frontal lobe narrow anteriorly, wider at midlength and partially concealing the antennal insertion; frontal carinae becoming narrower posteriorly at level of anterior margin of eyes. 8) Compound eye large and protruding, sometimes breaking the outline of lateral cephalic margin, located from roughly posterior fourth to posterior sixth of the head. Compound eyes located from posterior fourth to posterior sixth of the head. 9) Mesosoma in lateral view, with broadly convex promesonotum; widest at level of pronotum in dorsal view. 10) Promesonotal suture visible. 11) Pronotum with rounded humeral angle, which is not projecting anteriorly; no sharp margination between pronotal dorsum and lateral portion. Pronotum anterodorsally marginate with a protruding humeral angle in Myrmopiromis, but in the grandidieri and niveosetosus species groups the humeral angle is rounded. 12) Mesopleuron and propodeal surface together distinctly longer than lateral portion of pronotum in lateral view. 13) Propodeal lobe lacking. 14) Metapleural gland absent. 15) Procoxa of normal size, maximum width as large as the width of mesopleuron. Maximum width of procoxa as large as width of mesopleuron; in Myrmepinotus (edmondi species group) procoxa is larger than width of mesopleuron. 16) Tibial spur single on mesotibia and metatibia. 17) Petiolar node generally compressed anteroposteriorly. Petiolar node tapering dorsally except in C. efitra and C. maintikibo, anterior face rounding to posterior face with short dorsal margin. 18) Sculpture of body dorsum ranging from finely and densely reticulate punctate to finely and densely imbricate; lateral portion from finely areolate to finely coriarious. Gastral tergites sometimes finely and densely strigulate. Most of the species of the Malagasy Camponotus have a smooth and shining integument, except the members of the edmondi species group and the subgenus Myrmopiromis. 19) Whitish, erect hairs on dorsum of head and body. Erect hairs slender and pointed on head, pronotum and anterior portion of mesonotum; thicker, stout and blunt or spatulate on propodeal dorsum, petiolar node, and anterior section of gastral tergites. In the grandidieri and niveosetosus groups, the erect hairs are thicker and their tips are split into two points; the distance between the two closest hairs is larger than half of the length of the longest hairs; the members of other subgenera have fewer erect hairs (e.g. Mayria); in the typical Myrmopiromis the distance between two closely spaced hairs is smaller than half of the length of the long hairs. 20) Pubescence present, short or long, sparse or abundant. Pubescence is as plentiful or more plentiful than the erect hairs in the groups studied in the present contribution, and less abundant than erect hairs in typical Myrmopiromis ants. 21) Major worker similar to minor worker, but characterized, in addition to the larger head and mesosoma, by the following distinctive traits: lateral portion of head particularly sculptured as finely and densely reticulate punctate, imbricate or areolate, and superimposed with two to seven smaller areoles embedded in scattered large punctures, from which an appressed hair arises medially; antennal scape shorter, its apex barely surpassing or not extending beyond posterior cephalic margin.
Multivariate statistical analysis of morphometric data
The NC-clustering dendrogram revealed eight clusters. The patterns of these eight clusters are also recognized by the partitioning function PART in combination with the two "hclust" and "kmeans" clustering methods (Fig. 1) . These eight clusters are interpreted as eight species in the present contribution. The presence of the eight clusters was also supported by simple cumulative LDA (without LOOCV) and cumulative LDA with leave-one-out cross-validation (LOOCV) at 100% and 98.25% of identification success respectively. In the LOOCV-LDA, nearly all of the specimens in the present study were correctly identified (Table  2) : C. auropubens (100%), C. efitra (100%), C. madagascarensis (100%), C. maintikibo (100%), C. mita (100%). Three species show lower classification success: C. descarpentriesi (92.31%), C. grandidieri (95.8%), C. voeltzkowii (97.91%).
One specimen of C. grandidieri and another one of C. descarpentriesi were misidentified by LOOCV-LDA as C. auropubens and C. madagascarensis respectively. These misidentifications may be because C. auropubens and C. grandidieri, both belonging to the C. grandidieri species group, are very similar to each other, and the same is true for C. descarpentriesi and C. madagascarensis, which both fall into the C. niveosetosus species group. Morphologically very similar species often exhibit overlapping ranges of quantitative measurements ( Fig. 2 ) and share qualitative morphological traits. The misidentification of one specimen of C. voeltzkowii as C. auropubens may also indicate the similarity of these species and may therefore support uniting the two species groups revised in the present study. Color bars represent the species hypothesis generated by PART using two "hclust" and "kmeans" clustering methods. The corresponding label on the tip of the branch (the species name followed by the specimen code) are given the same color codes. The shape PCA analysis (Fig. 2) showed that C. auropubens and C. grandidieri overlap slightly in their body proportions. This overlap made it difficult to sort specimens using qualitative morphology alone. We had to rely on the length of the erect hairs on the uppermost portion of the petiolar node, on the posterodorsal angle of the propodeum, and on the junction between the lateral propodeal surface and declivity, none of which are considered in the multivariate morphometric analysis, to distinguish between these similar-looking species.
In contrast, the plot for the niveosetosus species group (Fig. 3 ) distinctly separates C. descarpentriesi and C. madagascarensis, which suggests that although both species look morphologically very similar, they differ in their body proportions. Because Camponotus auropubens occurs in Madagascar and the Seychelles islands and C. grandidieri is widely distributed across the Malagasy region, these species may have a wide range of morphological variation across their spatial distribution. To overcome confusion resulting from the presence of the overlap in body proportions between C. auropubens and C. grandidieri, more specimens from both species should be measured. Identification key to worker caste of the Malagasy Camponotus grandidieri and niveosetosus species groups
1.
With combination of the following characters: humeral angle rounded; maximum width of procoxa as large as the width of mesopleuron; petiolar node tapering dorsally or its anterior face rounding to posterior face with short dorsal margin; sculpture of body dorsum ranging from finely and densely reticulate punctate to finely and densely imbricate, lateral portion from finely areolate to finely coriarious; sculpture of the gena and at least the anterior half of the head capsule for the major workers is superimposed with two to seven smaller areoles embedded in scattered larger punctures. Numerous scattered whitish erect hairs covering mesosoma and posterior fifth portion of head; distance among hairs on promesonotum smaller than length of hair ( 
4.
In full-face view, whitish erect hairs on posterior portion of head scattered laterally to level of anterior margin of eyes ( 
5.
Basal half of antennal scape noticeably flattened dorsoventrally; with head in full-face view, head elongate (minor CWb/CL: 0.83, 0.81-0.84; CW/CL: 0.80, 0.78-0.82), base of scape near basal condyle forming a lobe-like extension (Fig. 7A) 
7.
Head, mesosoma, and petiolar node yellowish-orange, gastral segments anteriorly yellowish and posteriorly black ( 
8.
Erect hairs on uppermost portion of petiolar node, on posterodorsal angle of propodeum, and on the junction between lateral propodeal surface and declivity shorter than distance between posteroventral angle of mesosoma and propodeal spiracle ( 
Species accounts
The grandidieri species group Santschi, 1915: 267; Arnold, 1924: 728; Emery, 1925: 131 . Combination in Camponotus (Myrmotrema) : Santschi, 1914: 41; Wheeler, 1922b: 979; Emery, 1925: 131; Bolton, 1995: 131] . Camponotus foraminosus aldabrensis Forel, 1897: 203 : Santschi, 1915: 267; Wheeler, 1922a : 1050 Emery, 1925 . Syn. n. Camponotus foraminosus aldabrensis var. fryeri Forel, 1912: 166 Diagnosis. Body color black. A few pairs of whitish erect hairs confined to posteromedian portion of head; gap between two hairs on promesonotum usually larger than length of hair. Erect hairs on uppermost portion of petiolar node, posterodorsal angle of propodeum and junction between lateral propodeal surface and declivity shorter than distance between posteroventral angle of mesosoma and propodeal spiracle. Description. Minor worker. In full-face view head small (CS: 1.36±0.14; 1.19-1.70) and longer than broad (CWb/CL: 0.88±0.03; 0.84-0.92), lateral margins roughly straight and slightly converging anteriorly; posterior margin more or less convex. Median portion of clypeus transversely trapezoidal (ClyL/GPD: 0.70±0.03; 0.65-0.79). Eyes rarely breaking lateral outlines of head, their posterior level located at posterior fifth portion of head (PoOc/CL: 0.19±0.01; 0.18-0.21). Anterior clypeal margin truncate with blunt lateral angle; posterior margin weakly notched medially. Mandible triangular, masticatory margin with six sharp teeth. Antennal scape long, roughly its apical third portion extending beyond posterior cephalic border. In lateral view, promesonotal dorsum generally convex, without anterior and dorsolateral margination; propodeal dorsum straight and inclined posteriorly. In dorsal view, mesosoma widest at level of pronotum and decreasing in width towards propodeal declivity; propodeum tapering dorsally. Opening of propodeal spiracle slitlike. Petiolar node flattened anteroposteriorly and tapering dorsally. Tibial spurs of middle and hind legs pectinate.
Dorsum of head and mesosoma with much finer and denser reticulate punctures than lateral portion. Gastral tergites finely and densely reticulate-punctate. Mandible imbricate-punctate. Whitish erect hairs thinner on dorsum of head and promesonotum, becoming thicker on propodeum, petiolar node, and gastral segments. Composition of hairs: a few pairs on median portion of head from clypeus to near posterior cephalic margin; pronotum with a few pairs, mesonotum with one to three pairs, propodeal dorsum and junction of lateral propodeal surface and declivity with scattered hairs. Posterodorsal angle of propodeum, junction between lateral propodeal surface, and declivity and dorsalmost posterolateral margin of petiolar node with whitish erect hairs shorter than distance between opening of propodeal spiracle and posteroventral angle of mesosoma. Pubescence on dorsum of body longer than distance between hairs; pubescence present on upper half of mesopleuron. Body color black and more or less matte; appendages basally reddish or dark brown, apical portion and antennae brown to light brown.
Major worker. Characteristics of minor worker, except: head much larger and subquadrate (CS: 1.98±0.32; 1.54-2.41; CWb/CL: 1.02±0.07; 0.91-1.10); lateral margins broadly convex. Mandible more strongly built. Median portion of clypeus elongate and more rectangular (ClyL/GPD: 0.88±0.07; 0.78-0.97; ClyL/CL: 0.37±0.11; 0.32-0.61). Eyes located medially farther from lateral border of head (CWb/CL: 1.02±0.07; 0.91-1.10; CW/CL: 0.90±0.04; 0.86-0.97), their posterior margins level at posterior fourth of head capsule (PoOc/CL: 0.22±0.02; 0.19-0.26). Roughly one fourth of apical portion of scape extending beyond posterior cephalic margin. In dorsal view, metanotal groove slightly impressed; metanotum not visible. Sculpture of lateral portion of head from near base of mandible, along level of frontal carina to near posterior cephalic margin imbricate, superimposed with larger punctures that are equipped with two to five smaller punctures from which one appressed hair arises. Whitish erect hairs numerous on promesonotum. Basal portion of legs and mandibles reddish to dark brown; apical portion and antenna much lighter in color.
Remarks. Individual workers of C. auropubens are difficult to separate from those of C. grandidieri by visual inspection of body shape. This is indicated by the overlap of the ratio values between the measured morphological characters (See Table 1 ). However, careful observation of the patterns of erect hairs on the dorsum of the body indicates that the latter species has longer erect hairs on the uppermost portion of the petiolar node, posterodorsal angle of propodeum, and junction between lateral propodeal surface and declivity. These hairs are longer than the distance between the posteroventral angle of the mesosoma and the propodeal spiracle.
The NC-Clustering technique demonstrates that the morphological distinction between C. auropubens and C. grandidieri is corroborated by the partitioning method using hclust and kmeans algorithms to find the possible number of clusters. Camponotus auropubens is 100% successfuly classified by confirmatory LDA. Distribution and biology. Camponotus auropubens is widespread in the Afrotropics. In the Malagasy region, it is known from Madagascar and Seychelles. In Madagascar, the species has been found only from the north of the island, on the coastal scrub of Sakalava bay, the dry forest of the Montagne Français and Joffre Ville. In Seychelles, the species occurs in casuarina forest, coastal scrub, and along lowland coastal areas of some of the Aldabra and Cosmoledo atolls. The species nests in rotten logs and forages on the ground in these habitats. Paratypes. 5 workers with same data as holotype but with specimen codes: CASENT0453927, CASENT0763879, CASENT0763880, CASENT0763881, CASENT0763882 (CASC, BMNH, MHNG).
Diagnosis. Body bicolored, either entirely black and appendages brown or head, mesosoma, and petiolar node and appendages brown to reddish-brown and gastral segments dark brown to black. Roughly apical third of antennal scape surpassing posterior cephalic margin. Dorsum of propodeum convex.
Description. Minor worker. In full-face view, head more or less elongate (CWb/CL: 0.87±0.02, 0.84-0.91), lateral margins roughly straight and posteriorly diverging and rounding to the convex posterior margin. Eyes concealing lateral outlines of head, their posterior level located at posterior fourth to fifth portion of head (PoOc/ CL: 0.22±0.01, 0.20-0.25). Clypeus transversely trapezoidal (ClyL/GPD: 0.59±0.06, 0.51-0.83), anteromedian margin convex or broadly triangular, posterior margin weakly notched medially. Mandible subtriangular, apical margin armed with six sharp teeth. Antennal scape long, approximately its apical third portion surpassing posterior cephalic margin. In lateral view, mesosoma without anterior and dorsolateral margination; in lateral view, promesonotal dorsum convex, posterior portion of outline sloping to the impressed metanotal groove; propodeal dorsum forming a separate weak convexity. In dorsal view, mesosoma widest at level of pronotum, and decreasing in width towards propodeal declivity. Opening of propodeal spiracle rounded. In lateral view, petiolar node more or less flattened anteroposteriorly and inclined anteriorly, its dorsum rounding to the anterior and posterior faces. Tibial spurs of middle and hind legs pectinate with very short serrate comb.
Head and mesosoma and petiolar node imbricate, with sparse small punctures from which an appressed hair arises, gastral tergite coriarious. Mandible finely and densely imbricate superimposed with piligerous punctures. Whitish erect hairs thinner on dorsum of head, promesonotum, and gastral tergites; thicker on propodeum and petiolar node. Composition of hairs: a few pairs on median portion of head from clypeus to near posterior cephalic margin; few and scattered on pronotum, one pair on mesonotum, one pair on posterodorsal propodeal angle, a row of hairs on junction of lateral propodeal surface and declivity, a row of hairs from upper half of lateral portion to dorsolateral angle of petiolar node, two rows of hairs at middle and near posterior margin of first four gastral tergites. Pubescence on dorsum of head and mesosoma longer than those on gastral tergites; pubescence more closely spaced on head capsule and farther apart from mesosoma to gaster. Body bicolored and shining: either body entirely black to dark brown with reddish-brown to brown appendages; or head, mesosoma, petiolar node, and appendages reddish-brown to brown and gastral segments black to dark brown. Apart from a more impressed metanotal groove, dorsal outline of mesosoma roughly uniformly convex, sloping from mesonotum to posterodorsal angle of propodeum. Posteromedian portion of head finely and densely reticulate punctate; lateral portion from near base of mandible to near posterior margin covered with coriarious sculpture superimposed with sparse punctures from which an appressed hair arises.
Discussion. Camponotus efitra can be confused with C. maintikibo, but the former generally has a dark body color ranging from brown to reddish-brown to black; the body color of the latter is yellowish orange. In the C. maintikibo minor worker, the propodeal dorsum is approximately straight, inclined posteriorly, and continuously related to the promesonotum, whereas in C. efitra the propodeal dorsum forms a separate convexity from a domelike promesonotum.
The Camponotus efitra cluster is located next to the C. auropubens and C. grandidieri clusters. These results are corroborated by the data obtained from the partitioning technique, and confirmed by shape PCA and LDA with an identification success of 100%.
Distribution and biology. This species is restricted to the spiny forests and thickets between 25 m and 250 m in altitude in the south of Madagascar. Workers of C. efitra have mostly been captured by beating low vegetation, pitfall, and Malaise traps. One colony was found in a dead tree stump. Camponotus efitra is sympatric with C. maintikibo, C. grandidieri, and C. voeltzkowii.
Additional material examined. MADAGASCAR: Province Toliara Mayr, 1893: 195; Forel, 1907: 14. Revived to a species status : Forel, 1914: 270 . Combination in Camponotus (Myrmotrema) : Forel, 1913: 145; Wheeler, 1922a Wheeler, : 1050 Emery, 1925: 132; Bolton, 1995: 131] . Camponotus grandidieri atrabilis Santschi, 1915: 269, 273 . Lectotype minor worker, present designation, Madagascar, Toamasina province, Sainte Marie (Voeltzkow), AntWeb CASENT0101122 (NHMB) [examined] . Paralectotypes: 2 workers of same data as lectotype but with specimen code: CASENT0101123 (NHMB), CASENT0102452 (MHNG).
[Original combination in Camponotus (Myrmotrema) ; Wheeler, 1922a Wheeler, : 1051 Emery, 1925: 132; Bolton, 1995: 86] . Syn. n. Camponotus grandidieri comorensis Santschi, 1915: 269, 274 . Lectotype major worker, present designation, Comoros Islands, Grande Comores (H. Pobéguin), AntWeb CASENT0101125 (NHMB) [examined] . Paralectotype worker of same data as lectotype but with specimen code: CASENT0101124 (NHMB) Forel, 1913: 145; Wheeler, 1922a Wheeler, : 1051 Emery, 1925: 132; Bolton, 1995: 93] . Syn. n.
Diagnosis. Body color black. A few pairs of whitish erect hairs confined to posteromedian portion of head; gap between two hairs on promesonotum usually larger than length of hair. Erect hairs on uppermost portion of petiolar node, posterodorsal angle of propodeum, and junction between lateral propodeal surface and declivity equal to or longer than distance between posteroventral angle of mesosoma and propodeal spiracle. Dorsolateral portion of head and mesosoma finely and densely reticulate punctate, punctures on lateral portion of mesosoma much larger. Gastral tergites with imbricate sculpture or much finer and denser reticulate punctures anteriorly, that become sparser posteriorly. Mandible imbricate superimposed with sparse piligerous punctures. Whitish erect hairs thinner and shorter on head and pronotum, becoming thicker from mesonotum through petiolar node and gastral segments. Hairs arranged as follows: a few pairs on median portion of head from clypeus to near posterior cephalic margin; a few pairs on pronotum, one to three pairs on mesonotum, scattered on propodeal dorsum and junction of lateral propodeal surface and declivity; a row on upper half of posterolateral margin of petiolar node. Some erect hairs on dorsum of petiolar node, posterodorsal angle of propodeum and junction between lateral propodeal surface and declivity equal to or longer than distance between posteroventral angle of mesosoma and opening of propodeal spiracle. On mesosoma, pubescence shorter than distance between hairs; on gastral tergites pubescence longer than distance between hairs; pubescence lacking on upper half of mesopleuron. Body color black and dull; appendages basally reddish or dark brown, apical portion and antennae brown to light brown.
Major worker. With characteristics of minor worker, except: head much larger (CS: 1.97±0.21; 1.56-2.21; CWb/CL: 1.03±0.04; 0.95-1.08); lateral margins slightly convex and converging to base of more robust mandibles. Apical margin of mandible with up to seven teeth. Median portion of clypeus more rectangular (ClyL/GPD: 0.88±0.07; 0.78-0.97). Eyes located more medially (CWb/CL: 1.03±0.04; 0.95-1.08; CW/CL: 0.92±0.02; 0.89-0.95) and more anteriorly, their posterior level on posterior fifth of head (PoOc/CL: 0.20±0.01; 0.18-0.23). One fifth of apical portion of scape extending beyond posterior cephalic margin. In dorsal view, small portion of metanotum visible along midline of mesosoma, between metanotal groove and propodeum. Sculpture of lateral portion of head from near base of mandible, along level of interior ocular margin, to level of postocular margin imbricate, superimposed with sparse, larger punctures, which are equipped with two to four smaller punctures from which one appressed hair arises medially. More pairs of whitish erect hairs on median portion of head; numerous on promesonotum. Body color the same as minor except mandibles, anterior portion of clypeus, and anterolateral portion of head darker in color.
Discussion. See discussion under C. auropubens. The species delimitation for C. grandidieri on the basis of qualitative morphology-based analysis is supported by the combination of exploratory analysis of NC-clustering and partitioning methods with the confirmatory analysis of LDA and shape PCA. The species is identified correctly by simple confirmatory LDA at 100% success.
Distribution and biology. Camponotus grandidieri is widespread in Africa and the Malagasy region. In the latter it occupies many different types of habitats, but is absent on Reunion Island. It has been collected from coastal scrub and littoral forest to spiny forest and tropical dry forest through montane rainforest and savannah woodland. It is also known from mangrove forest and human-dominated areas such as urban gardens and roadsides. Across these habitats, colony nests have been found most often in dead branches above the ground and in rotten logs, and rarely in dead tree stumps, rot pockets and trunks of live trees, under rocks, and under root mats and litter on rocks. Individual workers forage on the ground and on lower vegetation. Antennal scape long, around distal portion extending beyond posterior border of head. In lateral view, mesosoma without anterior and dorsolateral margination; dorsal outline of mesosoma uniformly convex, sloping gradually from mesonotum to posterodorsal angle of propodeum; metanotal groove obsolete or indistinct; propodeal dorsum longer than declivity height. In dorsal view, mesosoma widest at level of pronotum, and decreasing in width toward propodeal declivity. Opening of propodeal spiracle rounded. In lateral view, petiolar node more or less scalelike and slightly inclined anteriorly, either tapering dorsally or its dorsum rounding to the anterior and posterior faces. Mesotibia and metabia each with a single simple spur.
Head, mesosoma, and petiolar node imbricate, with sparse small punctures from which an appressed hair arises, gastral tergites transversely strigulate. Mandible coriarious, superimposed with piligerous punctures. Whitish erect hairs thinner on dorsum of head and promesonotum becoming thicker on propodeum, petiolar node, and gastral tergites. Composition of hairs: a few pairs on median portion of head from clypeus to near posterior cephalic margin; a few scattered on pronotum, one to two pairs on mesonotum, a few scattered on propodeal dorsum, a row of hairs on lateral margin of declivity and from upper half of lateral portion to dorsolateral angle of petiolar node, two rows of hairs at about middle and near posterior margin of first four gastral tergites. Pubescence on dorsum of head and mesosoma longer than those on gastral tergites; hairs of pubescence set closer on head capsule but further apart from mesosoma to gaster. Integument dully bicolor: head, mesosoma, and petiolar node yellowish orange, gastral segments anteriorly yellowish and posteriorly black; antennal scape and other appendages yellowish and funiculus dark brown. . Scape short, merely extending beyond posterior cephalic margin. Promesonotal dorsum domelike, posterior portion of outline sloping to the impressed metanotal groove, making propodeal dorsum at lower level; propodeal dorsum as long as or shorter than declivity height. Posteromedian portion of head finely and densely reticulate punctate; lateral portion from near base of mandible to near posterior margin finely and densely areolate, superimposed with sparse, and poorly delimited punctures, in which two to seven smaller punctures are embedded and from which one appressed hair arises medially. Dorsum of mesosoma finely and densely reticulate punctate and lateral portion finely areolate; gastral tergites finely imbricate to finely strigulate. Discussion. See discussion under C. efitra. The grouping of C. maintikibo in the same cluster shown by the dendrogram of multivariate morphometric analysis is confirmed by the cumulative LDA at 100% identification success, corroborating the species hypothesized by the taxonomic revision based on qualitative morphology. In the dendrogram, the C. maintikibo cluster is grouped next to the C. descarpentriesi and C. madagascarensis clusters, which indicates that the three species are more similar to each other than other species. However, the latter two species belong to the niveosetosus species group whereas C. maintikibo qualitatively belongs to the grandidieri species group, whose members look very similar to C. maintikibo. This suggests that both species groups could be combined into one.
Distribution and biology. Known only from Madagascar, C. maintikibo occurs in the dry forests and transitional areas of Andohahela National Park and in the spiny forest and thicket of TsimanampetsotsaNational Park in the southern portion of Madagascar. In these localities, workers were found foraging on the ground and were collected from Malaise or pitfall traps. The species co-occurs with C. efitra and two widespread species C. grandidier and C. voeltzkowii.
Additional 
Camponotus niveosetosus species group
Camponotus descarpentriesi Santschi ( Figures 6C-D Diagnosis. Body color generally black; posterior portion of head, dorsum of mesosoma, and lateral margin of propodeal declivity with randomly scattered, whitish, erect hairs; with head in full-face view, erect hairs absent immediately behind lateral margin of clypeus, whitish erect hairs posteriorly confined to posterolateral angle of head, median clypeal carina not visible, eyes located in posterior fifth of head; in lateral view, mesosoma long and low; propodeal dorsum longer than declivitous face; fewer whitish erect hairs present on dorsum of body, only one row of hairs present from upper half to apex of petiolar node; transverse light strip on posterior margin of abdominal tergites narrow, width 1/8 the visible width of tergite. Description. Minor worker. In full-face view head elongate (CWb/CL: 0.86-0.90), lateral borders straight, feebly diverging posteriorly; posterior margin broadly convex. Eyes protruding, located roughly at posterior fifth of head (PoOc/CL: 0.18±0.01, 0.17-0.19) and rarely breaking lateral outlines of head CW/CL, . With head in full-face view, anteromedian margin of clypeus bluntly angulate, anterolateral corner rounded; median portion convex, making longitudinal, median carina faintly visible; posterior border feebly notched medially. Mandible subtriangular, masticatory margins equipped with six teeth. Antennal scape long (SL/ CS: 1.14±0.02, 1.11-1.17), approximately its distal portion extending beyond posterior cephalic margin, its basal half cylindrical. In lateral view, mesosoma long and low (MPH/ML: 0.40±0.01, 0.39-0.42); promesonotum more or less convex; propodeal dorsum slightly decreasing in height posteriorly, with transverse concavity at midlength, longer than declivotous face. In dorsal view, metanotal groove slightly impressed. Propodeal spiracle opening slitlike. Petiolar node compressed anteroposteriorly and tapering dorsally; anterior face generally convex and posterior face straight. Tibia of middle and hind legs with pectinate spurs. Transverse strip on posterior margin of gastral tergites narrow, maximum width roughly 1/10 the visible width of second tergite. Head and mesosoma finely and densely reticulate punctate; their lateral portion with much larger punctures. Gastral tergites finely imbricate. Mandible coriarious with sparse piligerous punctures. Whitish erect hairs randomlyspread along median sectionof head capsule to its posterior fourth portion, where they are transversally scattered to the posterolateral corner of head. Erect hairs lacking immediately behind lateral clypeal margin. Anteromedian portion of head dorsum and gastral tergites covered with hairs thinner than those of posterior cephalic margin and dorsum of body. Petiolar node and posterior portion of propodeum with several hairs at least twice as long as those on promesonotum. Pubescence whitish yellow, sparse on dorsum of head and becoming increasingly abundant toward gastral tergites. Body color black and matte; basal portion of antennal scape, tip of mandible, and legs brown. In dorsal view, metanotal groove obsolete; metanotum indistinct; in lateral view, propodeum feebly at lower level with respect to promesonotum. In lateral view, petiolar apex higher and node more flattened anteroposteriorly. Head capsule finely and densely reticulate punctate to finely imbricate; sparse pubescence arises from middle of two to five smaller punctures embedded in one larger areole on lateral portion anterior to level of anterior margin of eye.
Discussion. Camponotus descarpentriesi and C. madagascarensis look very similar, but the latter has a higher and more robust mesosoma (MW/ML: 0.51±0.02, 0.47-0.58; MPH/ML: 0.41±0.03, 0.35-0.47), while the former is characterized by a lower, more slender mesosoma (MW/ML: 0.49±0.01, 0.47-0.50; MPH/ML: 0.40±0.01, 0.39-0.42). In lateral view, the propodeal dorsum is straight in C. madagascarensis while with a transverse concavity at midlength in C. descarpentriesi. Also, C. madagascarensis has a visible longitidunal carina on the clypeus, but in C. descarpentriesi this longitudinal carina is indistinct, and the clypeus is only evenly convex medially. The pubescence is much denser and the transverse light strip on posterior margin of each gastral segment is narrower than in C. madagascarensis.
In the present study, the definition of C. descarpentriesi according to the qualitative morphology-based study is congruent with the study based on multivariate morphometric analysis. The existence of the species, which is supported by the grouping obtained from the clustering and the partitioning methods, is confirmed by shape PCA, and the samples are correctly identified by cumulative LDA at 100% success.
Distribution and biology. This species is unique to Madagascar and found only in the grassland and ericoid thickets of the central highlands. The species has been collected from Ambahona forest of Ankaratra massif in the north, Ankazomivady forest near Ambositra, and Andringitra National Parc in the south. The search for food is carried out terrestrially on the ground and through leaf litter, and arboreally on lower vegetation.
Additional material examined. MADAGASCAR: Province Toliara: 28 km SSW Ambositra, Ankazomivady, -20.775, 47.16833, 1670 m, grassland, (B.L. Fisher) Emery, 1896 Emery, : 377, 1925 Wheeler, 1922a Wheeler, : 1052 Bolton, 1995: 110. Status as species and description of queen: Santschi, 1926: 262 Diagnosis. Body color black; posterior portion of head, mesosoma dorsum, and lateral margin of propodeal declivity with randomly scattered, whitish, erect hairs; with head in full-face view, erect hairs lacking immediately behind lateral margin of clypeus, whitish erect hairs on posterior cephalic portion scattered laterally to level of anterior margin of eyes, median clypeal carina visible, eyes located in posterior fourth of head; in lateral view, mesosoma long and low; propodeal dorsum longer than declivitous face; numerous whitish erect hairs present on dorsum of body; petiolar node with two rows of hairs from its upper half to apex; transverse light strip on posterior margin of abdominal tergites large, width 1/5 the visible width of tergite. Head and mesosoma finely and densely reticulate punctate. Gastral tergites finely coriarious or finely strigulate. Mandible imbricate with sparse piligerous punctures. Numerous whitish erect hairs randomly scattered along median portion to posterior fifth portion of head, where they are transversally scattered to the lateral cephalic margin down to the level of compound eyes; erect hairs absent immediately behind lateral clypeal margin. Hairs on anteromedian portion of head and gastral sternites thinner than those from near posterior cephalic margin to gastral tergites. Some hairs on petiolar node and posterior portion of propodeum at least twice as long as those on promesonotum. Pubescence on dorsum of body sparse, but denser on gastral tergites. Body color black and matte; legs basally reddish black to reddish brown, tarsus and antennal scape yellowish brown, and funiculus dark brown. In dorsal view, metanotal groove impressed; metanotum not visible; in lateral view, propodeum feebly at lower level with respect to promesonotum. In lateral view, petiolar node higher and more flattened anteroposteriorly. Head capsule finely and densely reticulate punctate; sparse appressed hair arises from middle of two to five smaller punctures embedded in one larger puncture on lateral portion.
Discussion. See discussion under C. descarpentriesi. The conventional taxonomic delimitation of C. madagascarensis is corroborated by the combination of the NC-clustering method and partitioning technique. Further, recognition of the species is corroborated by confirmatory LDA at 100% identification success and supported by shape PCA.
Distribution and biology. Camponotus madagascarensis is an endemic, widespread species of Madagascar. It is known to occupy western dry forest habitats, the north central and south central portions of eastern rainforests, savannah woodland of the central highland, and subhumid gallery forests of the southern high plateau. The species is absent from spiny bush and thicket in the southwest and southernmost portions of the island. The species is sympatric with C. grandidieri, C. mita, and C. voeltzkowii. Members of C. madagascarensis forage either terrestrially on the forest floor, through leaf mold and rotten wood, or on low vegetation. Nests are constructed not only under rocks and rootmats and litter on rocks or rotten logs, and in the ground, but also in dead tree stumps, dead branches, and twigs above the ground. Paratypes. 3 workers with same data as holotype but with specimen codes: CASENT0498907, CASENT0763884, CASENT0763884 (CASC, MHNG).
Diagnosis. Integument black; posterior portion of head, dorsum of mesosoma, and lateral margin of propodeal declivity with randomly scattered, whitish, erect hairs; basal half of antennal scape flattened dorsoventrally; in lateral view, mesosoma short and high, propodeal dorsum shorter than declivitous face; scattered erect hairs present immediately behind lateral margin of clypeus; dorsum of body with a few scattered, erect hairs and thin, short, and sparse pubescence; tibiae without suberect hairs.
Description. Minor worker. In full-face view head elongate, subrectangular (CWb/CL: 0.81-0.84), with straight and parallel lateral margins which join the slightly broadly convex posterior margin at a blunt angle. With head in lateral view, posterior corner of head bluntly angulate, not extending into a lobe. Eyes weakly protruding, not breaking the outline of lateral cephalic margin (CWb/CL: 0.83±0.01, 0.81-0.84; CW/CL: 0.80±0.01, 0.78-0.82), located at posterior fifth of head (PoOc/CL: 0.20±0.01, 0.18-0.21). In full-face view, clypeus transversely trapezoidal, its anteromedian margin projecting into a blunt triangular lobe, anterolateral angle lacking, median portion with blunt longitudinal carina, posterior margin medially notched. Mandible subtriangular, armed with six teeth. Antennal scape long, less than its distal portion surpassing posterior cephalic border; basal half strongly flattened dorsoventrally, width greatest near basal condyle. In lateral view, mesosoma short and high (MPH/ML: 0.49±0.02, 0.46-0.53); promesonotum convex and domelike, its level separately higher than that of propodeum; propodeal dorsum short, rounding to steeply sloping propodeal declivity; metanotal groove obsolete. Opening of propodeal spiracle elongate or slitlike. In lateral view, petiolar node scalelike and short, petiolar spiracle located roughly at midheight of node; anterior face sloping posteriorly at dorsal fourth portion of node to reach the straight posterior face dorsally. Middle and hind legs with one pectinate tibial spur. Transverse light strip on posterior margin of gastral tergites wide, maximum width roughly 1/6 of the visible width of second tergite.
Head finely and densely reticulate punctate to finely imbricate; promesonotum finely and densely reticulate punctate, propodeum finely and densely reticulate rugulose; lateral portion of mesosoma with effaced fine and dense reticulate punctures anteriorly and areolate sculpture posteriorly; gastral tergites with fine, transverse strigulae. Mandibles coriarious interspersed with piligerous punctures. Whitish erect hairs randomly scattered from median portion of head to near its posterior margin, where they are transversally spread to near the lateral cephalic margin and down anteriorly to near base of mandible and behind lateral margin of clypeus. Head, pronotum, and anterior section of mesonotum covered with hairs thinner and more erect than remaining posterior portion of body; lateral margin of propodeum with more than one row of hairs; suberect hairs lacking on tibiae. Pubescence short and sparse, distance between some of them greater than their length. Body color black and matte; appendages dark reddish black, basal portion of antennal scape, tip of mandible, and leg brown to dark brown.
Major worker. Unknown. Discussion. Camponotus mita may be confused with C. voeltzkowii because both have the propodeal dorsum shorter than the declivitous face, and there are scattered erect hairs immediately behind the lateral margin of the clypeus. However, the basal half of the antennal scape in C. voeltzkowii is cylindrical and without a lobe-like leading edge. In addition, the dorsum of the body of the latter species is covered with numerous erect hairs and abundant pubescence.
The identity of C. mita based on conventional qualitative taxonomy is also recognized by multivariate morphometric analysis. The cluster of the samples of the species created by NC-clustering and partitioning methods is corroborated by shape PCA and confirmed by cumulative LDA with an identification success of 100%.
Distribution and biology. Camponotus mita is endemic to Madagascar and occurs only in the northern part of the island. While some workers of this species have been collected by litter sifting and Malaise traps from dry forest habitats with altitudes ranging from 60 m to 90 m, others were found foraging on the forest floor and on low vegetation in the humid forests of Andavakoera and Ambato between 150 m and 425 m in altitude. (Figures 7B, 18, 26 : Wheeler, 1922a : Wheeler, : 1052 Emery 1925: 129; Bolton, 1995: 129, 131] .
Camponotus voeltzkowii Forel
Diagnosis. Integument black; posterior portion of head, dorsum of mesosoma, and lateral margin of propodeal declivity with randomly scattered, whitish, erect hairs; basal half of antennal scape flattened dorsoventrally; in lateral view, mesosoma short and high, propodeal dorsum shorter than declivitous face; few scattered erect hairs present immediately behind lateral margin of clypeus; dorsum of body with numerous, randomly scattered, long, erect hairs and abundant long pubescence; tibiae with sparse suberect hairs. Description. Minor worker. In full-face view head slightly longer than wide (CWb/CL: 0.91±0.03, 0.87-1.07), lateral borders straight and diverging posteriorly and joining the more or less posterior margin in a distinct angle. In lateral view, posterior cephalic margin extending backward into a rounded lobe. Eyes protruding, almost breaking lateral borders of head (CWb/CL: 0.91±0.03, 0.87-1.07; CW/CL: 0.89±0.03, 0.86-1.04), located at posterior sixth to fifth portion of head (PoOc/CL: 0.17±0.01, 0.15-0.23). With head in full-face view, clypeus trapezoidal; anteromedian margin projecting into a triangular lobe; anterolateral portion bluntly angulate; median portion convex, with visible longitudinal carina. Mandible triangular, apical margin equipped with six teeth. Antennal scape long, roughly distal portion extending beyond posterior margin of head (SL/CS: 1.10±0.05, 1.01-1.19); basal portion cylindrical, not flattened dorsoventrally. In lateral view, mesosoma short and high (MPH/ML: 0.54±0.05, 0.46-0.71), dorsal outline of promesonotum domelike, its level higher than that of propodeum; anterodorsal portion of pronotum angulate; propodeal dorsum short, joining the sharply inclined propodeal declivity into a blunt angle; metanotal groove obsolete. Opening of propodeal spiracle circular or elongate to slitlike. In lateral view, petiolar node scalelike and high, petiolar spiracle located at level lower than midheight of node; anterior face starting to incline posteriorly at dorsal third portion of node to reach the straight posterior face dorsally. Middle and hind legs with single pectinate tibial spur. Transverse light strip on posterior margin of gastral tergites wide, maximum width roughly 1/8 the visible width of second tergite.
Head dorsum finely and densely reticulate punctate to finely areolate, becoming finely imbricate posteriorly; pronotum finely and densely reticulate punctate to finely imbricate, mesonotum and propodeum finely and densely reticulate rugulose. Lateral portion of head and mesosoma finely imbricate. Gastral tergites finely and transversely strigulate anteriorly and finely imbricate posteriorly. Mandible with coriarious ponctulate sculpture. Whitish erect hairs randomly scattered from median portion of head to near its posterior margin, where they spread transversally to near the lateral margin and down anteriorly to near base of mandible and behind lateral margin of clypeus. Head, pronotum, anterior section of mesonotum, and posterior section of gastral tergites covered with hairs thinner and more erect than posterior portion of mesonotum, propodeum, petiolar node, and first gastral tergite; tibiae covered with scattered suberect hairs. Pubescence long and quite dense, distance between them smaller than their length; pubescence more abundant on gaster than mesosoma and head.
Major worker. With characteristics of minor worker, but head subquadrate (CWb/CL: 0.97±0.02, 0.94-0.99) to cordate in full-face view, posterior cephalic margin slightly broadly excised. Eyes placed more interior relative to head capsule (CWb/CL: 0.97±0.02, 0.94-0.99; CW/CL: 0.84±0.01, 0.81-0.85). Mandibles more robust, masticatory margin with more than six teeth. Clypeus with elongate median portion (ClyL/GPD: 0.78±0.02, 0.73-0.81), anteromedian margin straight to slightly broadly convex. Antennal scape short, barely extending beyond posterior cephalic border (SL/CS: 0.76±0.01, 0.75-0.79). Dorsal outline of mesosoma forming a continuous convexity; metanotal groove a slightly impressed line. Lateral portion of head finely and densely reticulate punctate to finely areolate, with scattered groups of two to seven areoles surrounding the base of an appressed or erect hair; each group of these areoles is sometimes embedded in a poorly defined puncture. Lateral portion of mesosoma finely areolate to finely imbricate.
Discussion. See discussion under C. mita. For C. voeltzkowii, the conclusions drawn from qualitative morphology-based taxonomy agree with the classification hypothesis provided by the exploratory data analysis and the confirmatory technique of the multivariate morphometrics. The combination of this information strengthens the status of C. voeltzkowii as a species. Distribution and biology. Camponotus voeltzkowii is one of the most common species within the niveosetosus species group of the Malagasy region. In Madagascar, it is widespread in the west but absent in the northernmost region. To the north, its geographic distribution is limited to montane rainforest of the northern highland. Along the western portion of the island, the distributional range of C. voeltzkowii consists of the dry forest on Tsingy, gallery forest, littoral forest habitats in the north to southwest, as well as spiny bush and thicket in the extreme south of the island. The species is also known to occur in Uapaca woodland of the central high plateau region, and in the northern-and southern-central portions of the island's eastern rainforests. The species also can occupy anthropogenic habitats such as disturbed and degraded forests and urban gardens. Colony nests are found either on the forest floor under stones or in rotten logs, or in the dead branches or twigs of trees. Foraging activity is carried out on the ground and through leaf litter or on lower vegetation. 
